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ABSTRACT 
Butterflies (Lepidoptera) have attracted more attention as indicators of terrestrial 
ecosystems than other invertebrates. This taxon is widely used as tools or subjects for 
biodiversity conservation planning in the Northern and Southern Hemispheres. The 
study determined butterfly species turnover at a-priori selected habitat patches in a 
protected area (Nduli Nature Reserve) and non-formally protected areas (outside Nduli 
Nature Reserve) of the KSD Local Municipality and their response to measured 
environmental variables. Using transect survey methods, 516 butterfly individuals 
belonging to 22 species were caught from 16 sampling units. Species dominance curves 
showed more butterfly species evenness outside reserve sites than inside. Hierarchical 
clustering using Bray-Curtis similarity matrices and Correspondence analysis (CA) 
grouped sampling units according to butterfly species sampled. Site habitat patches 
outside the reserve were richer in butterfly and overall abundance than inside the 
reserve. The Canonical Correspondence analysis (CCA) results revealed that certain site 
variables such as percentage herb cover, area of patch size, average grass height, 
grazing intensity, distance to the city centre and average flower density accounted for 
species distribution patterns at various sampling units.  The conservation implications of 
the study suggest that patch level management of micro-habitats with sufficient 
flowering herbs, structural vegetation, and patch size with minimal disturbance within 
and outside reserve areas can encourage rare and common butterfly species richness 
and diversity.  
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  CHAPTER ONE 
 
INTRODUCTION AND LITERATURE REVIEW 
 
1.1 INTRODUCTION  
 
Invertebrates are poorly known in South Africa because they have been overlooked in favor of 
the spectacular game and bird fauna (Butcher et al., 1994). Decision makers and the public are 
generally not aware of the enormous wealth of the diversity of invertebrates or the critical need 
to conserve this faunal component (Lovell et al., 2007). South Africa has several large museums 
with large collections of invertebrates, most of which were collected on an ad hoc basis with no 
measurement of sampling intensity (Hamer and Slotow, 2002). Also, most of the records do not 
contain accurate locality or habitat data.  
 
Despite the important ecological role of invertebrates in a functional ecosystem, they have 
received very little attention (Herbert et al., 2003). This is due to the fact that they are not 
recognized as wildlife by many conservationists and the public (Butcher et al., 1994). Thus 
raising awareness of the public, educator and conservationists of the abundance, diversity and 
function of the invertebrates is a crucial feature in achieving effective conservation (Suh and 
Samways, 2001; Huntly et al., 2005). Nature reserves and national parks are generally not 
designed for the conservation of invertebrate taxa, and this trend seems to be continuing. 
Invertebrate conservation ensures the conservation of entire habitats and a more thorough 
understanding of their roles in maintaining and sustaining ecosystem processes (Lewinsohn et 
al., 2005; Quadros and Arauja, 2008).  
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Although, formal conserved areas do contribute towards the conservation of invertebrates 
(Samways, 1994), the extent to which these animals are represented within such areas is not 
well known. 
In view of this, effective conservation strategies need to be developed to identify environmental 
variables operating at different spatial and temporal scales, and how these affect species 
distributions both inside and outside protected areas. The Nduli Nature Reserve (NNR) and its 
surroundings landscape situated between Myezo and Mthatha city centre of the Eastern Cape of 
South Africa attracts faunal elements from both higher and lower elevations, and serves as a 
potential refuge to a large assemblage of invertebrates under increasing threat from recent 
various anthropogenic impacts.  
 
The habitat patches within this area include but are not restricted to natural forest thickets, 
grassland-savannah linkages, Vleis, ponds/wetland marshes, bare ground within and outside 
the reserve, as well as agrarian transformed patches within the neighboring Walter Sisulu 
University experimental farms outside the reserve. These habitat patches provide potential sites 
for conserving a wide assemblage of butterfly species. 
 
1.2 LITERATURE REVIEW 
 
1.2.1 Climate and the ecology of butterfly species 
 
Many species have been observed to have shifted their distributions and expand into regions 
where environmental stability is increasing (e.g. Parmesan et al., 1999; Parmesan and Yohe, 
2003; Hicking et al., 2006; Intergovernmental Panel on Climate Change (IPCC), 2007), but 
others have failed to do so, or have done so slowly, being constrained by their limited dispersal 
ability, a lack of contiguous habitat, and low population growth rates (Warren et al., 2001; Hill 
et al., 2002; Hughes et al., 2007; Wilson et al., 2009). 
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Climate change is considered as the possible cause of the shift in the distribution of organisms 
(Pollard et al., 1996; Mikkola, 1997; Fleishman et al., 1998).  
The available evidence indicates that changes in the Earth’s climate will likely continue and even 
accelerate over the next 50-100 years (IPCC, 1996). Accurate predictions of how species and 
ecosystems will respond to this climate change will assist in preparing for future conservation 
challenges. 
 
Climate has far-reaching effects on species and ecosystems (Andrewartha and Birch, 1954). The 
direct effects of temperature on the physiology of organisms are well documented, and many 
mechanisms of action have been identified (Wieser 1973; Woodward, 1987; Wood and 
McDonald, 1996). Precipitation levels also have direct effects on species where water stress is 
one of the prime determinants of the distribution of different vegetation types (Woodward, 
1987). 
 
Vegetation provide essential sources of nourishment for butterflies; some specific plant species 
provide the trophic resources for caterpillars, while others provide nectar for adult, space for 
sun-basking and mating (Dover et al., 1997). Changes in rainfall pattern can have large effects 
on tropical butterfly populations (e.g. Azerefegne et al., 2001) and in particular, changes in 
ENSO (EI Nino Southern Oscillation) are likely to affect butterfly population outbreaks and 
migratory behavior (Srygley et al., 2010). 
 
Furthermore, climate change is predicted to disrupt species interactions (Scweiger et al., 2008), 
as a result of the close relationship among butterflies, their host plants and other species e.g. 
parasitoids (Stireman et al., 2005), with serious ramifications for tropical butterfly abundances 
and distributions as well. 
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1.2.2 Factors influencing the distribution and diversity of butterflies 
 
The world is experiencing a decline in its biodiversity especially given that the proportion of the 
world's landmass allocated to nature reserves is only approximately four million square 
kilometers (Samways, 1994) which is far less than expected. Invertebrates form an estimated 
73.5% of all animal life on earth (Hammond, 1995), and contribute to major ecological 
functions such as nutrient recycling, waste disposal, pollination and their role as component of 
most food chains (Hunt and Eliason, 1999; Daily and Ellison, 2002; Huntly et al., 2005). 
Furthermore invertebrate taxa, such as the Coleoptera and Lepidoptera are used extensively as 
bioindicators of micro habitats and whole terrestrial ecosystems. Despite the ecological roles of 
invertebrates in the ecosystem, they have received little conservation attention (Herbert et al., 
2003). 
 
A number of anthropogenic activities, such as farming, forestry and urbanization, create patch 
works of modified land types that exhibit similar patterns throughout the world. However, 
whether or not these changes affect biodiversity in similar ways across the globe is little known 
(Samways, 1992). The increase in human impact on natural ecosystems has resulted in the 
reduction and degradation of many habitats to simpler systems (Vane-Wright et al., 1991; 
Ehrlich, 1992). The reduction of intact habitats with increasing competition for alternative land 
use practices is decreasing the options for biodiversity conservation (McNeely, 1992; Pressey et 
al., 1993; Richardson and Cowling, 1993). 
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Urbanization along with agricultural intensification, constitute the most important threats to 
biodiversity and one of the most obvious examples of how human activities affect ecosystems 
(Rees, 1997; Ricketts and Imhoff, 2003).  
 
Nevertheless, several studies have demonstrated that urban areas can indeed habour diverse 
habitats and high butterfly diversity (Gilbert, 1989; Muratet et al., 2007; Kadlec et al., 2008) 
through local park management and gardening practices (Anderson et al., 2007). However, 
attempts to evaluate the success of different methods to increase urban biodiversity have not 
been fully documented (Cornelis and Hermy, 2004).  
 
Modern agriculture is one of the main anthropogenic threats to biodiversity (Donald et al., 
2002). The decline of farmland species diversity due to management intensity has been shown 
for several taxa, e.g. birds (Murphy, 2003), mammals (Pena et al., 2003) and insects (Duelli et 
al., 1999). Despite the fact that grassland patches constitute the most threatened habitats that 
are also easily transformed into arable lands (Kisbenedek and Baldi, 2000), it remains important 
habitat to many species. The maintenance of grasslands in most European landscapes depends 
on regular management, usually through grazing or mowing, even though their species diversity 
is proven to decline with increasing management intensity (Cole et al.,2002; Wilson et al., 
2003).  
 
Based on earlier studies it may seem that both species richness and abundance of invertebrates 
may benefit from extensive grassland management in historically grazed grasslands, as shown 
by studies in Colorado (Capinera and Sechrist, 1982) and Germany (Kruess and Tscharntke, 
2002b). However, this is not the case for similar study in Montana (O’Neill et al., 2003). 
 
South Africa is not far from the general pattern of biodiversity decline experienced by the rest 
of the world. It is estimated that around 25% of the total land area in South Africa, is 
transformed by anthropogenic activities (McDonald, 1989). The construction of man-made 
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features, such as roads in urban environments causes new habitat boundaries to be established 
that are often impermeable to species dispersal (Urban et al., 1987; Duelli et al., 1990). 
Changes in habitat quality as a result of urbanization and other factors can influence the 
structure of invertebrate communities (Kushel, 1990; Miyashita et al., 1998). 
 
Lepidoptera (butterflies), are the most frequent conservation targets among invertebrates. 
Protection of such umbrella species also confers protection on coexisting organisms which are 
not well documented (New, 1997). Clearly there is a need to monitor the status of butterflies in 
the Transkei area of the Eastern Cape Province as a preliminary step to any conservation action. 
Unfortunately, the enormous diversity of species and profound taxonomic difficulties for 
identifying many groups to species level has remained a constraint. These difficulties have led 
to the suggestion that research might be more profitable if concentrated on certain taxa of 
special significance, like butterflies (Brown, 1991, 1997; New, 1993; Sparrow et al., 1994; 
Samways, 1994; Wood and Samways, 2001). 
 
1.2.3 Nduli Nature Reserve and butterfly conservation 
 
Nduli Nature Reserve located in the Eastern Cape Province of South Africa is one of the thirteen 
nature reserves managed by the Eastern Cape Parks Board to conserve biodiversity of a near 
pristine nature. The reserve lies adjacent to N2 highway on the southern entrance of Mthatha. 
It was established in 1951 and reproclaimed on 15th February, 1972. The reason for the 
establishment of this reserve is to protect biodiversity and provide recreational facilities for 
visitors. 
 
The climate of the Nduli Nature Reserve is characterized by a mean annual average 
temperature of 17,60C. The lowest average monthly temperatures occur from June to August 
with highest average monthly temperatures occurring during October and between December 
and February.  
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Average monthly rainfall of 60mm with an average annual rainfall of 654mm and wind direction 
predominantly SW during all months of the year. 
 
The geology of Nduli Nature Reserve comprises predominantly of shales and sandstones of the 
Beaufort series of the Karoo system. These landforms are interlaced with dolerite dykes. One 
such dolerite outcrop forms a very prominent ridge in the Nduli Nature Reserve. 
 
Nduli Nature Reserve falls within the Mthatha moist grassland in the grassland biome. This veld 
type is described as highland sour veld. The grassland biome of South Africa harbours rich 
species, community and ecosystem diversity (Reyers and Tosh, 2003). Its unique biodiversity 
features include globally significant centers of plant endemism (Cowling and Hilton-Taylor, 
1997), half of the country’s endemic mammal species, and a third of its endangered butterfly 
species (Reyers and Tosh, 2003). Despite the conservation value of this grassland biome, it 
remains the most poorly maintained biome in Southern Africa because 23% is under cultivation, 
60% is irreversibly transformed, and only 2% is protected, and most of the remaining natural 
area is used as rangeland for livestock (Fairbanks et al., 2000).  
 
 
 
 
 
 
 
 
 
8 
 
 
 
1.3 Relevance of the study 
 
In South Africa, there is a vast gap in the understanding of what the invertebrate component of 
biodiversity consist of, where it occurs, which species are threatened and where they occur. 
Thus, complete and comprehensive data on the country’s biodiversity is required. Available data 
on South African invertebrates indicate high levels of endemism. This means that this fauna 
should be conserved for its contribution to local, regional and global biodiversity as well as their 
critical role in ecosystem functioning. 
 
An understanding of butterfly diversity and distribution patterns at a local scale may be 
important in providing some form of ‘umbrella’ to assure the conservation of other invertebrate 
biodiversity which are not well documented because of taxonomic impediments (Usher, 1986; 
New, 1997). 
 
This information is of great help for the Department of Environmental Affairs and Tourism in 
developing a National Biodiversity Strategy and Action Plan aimed at addressing the increasing 
biodiversity conservation challenges in South Africa. Conservation action can only take place if 
the ecology and distribution patterns of umbrella species such as butterfly are known. 
 
Therefore, this study was designed to identify the butterfly assemblage composition and 
distribution pattern in different habitat patches within Nduli Nature Reserve and the highly 
disturbed landscape surrounding this protected area.  
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1.4 Research aims/ objectives 
  
The overall aim of the study is to establish if there is any relationship between habitat quality 
within and outside Nduli Nature Reserve and butterfly assemblage characteristics (species 
richness and abundance). 
 
The specific objectives of the study were as follows:  
 
(i) Identify the butterfly (Lepidoptera) assemblage composition and distribution patterns within 
and outside Nduli Nature Reserve. 
 
 (ii) Determine which measured site variables are most important for encouraging butterfly 
(Lepidoptera) species distributions. 
 
 (iii)  Make recommendations on conservation measures to the reserve management based on 
findings of the research project. 
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CHAPTER TWO 
 
METHODOLOGY 
 
2.1 Study site description 
 
The study site extends from Myezo (suburban) to Mthatha city centre (urban) within the KSD 
Local Municipality (Figure 1) and comprises of Nduli Nature Reserve (31035’S, 28045’E) and its 
surrounding landscape [Owen dam (31035’S, 28045’E), Walter Sisulu University (WSU) (31036’S, 
28045’E) and Pick & pay (31036’S, 28047’E)]. This area located at about 758m a.s.l (grid 
reference of 31035’S, 28046’E) is bisected by the N2 (Nelson Mandela Drive), with smaller feeder 
roads found within and outside the reserve. Vegetation linkages between selected sites vary in 
structure and composition relative to levels of disturbance (distance to the nearest feeder road 
and to the city centre). Sampling sites also vary in width from 50m to 1000m. A total of 16 
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sampling units were chosen a priori to reflect vegetation habitat characteristics and levels of 
disturbance both inside and outside the Nduli Nature Reserve (Appendix 1). 
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Figure 1 Map of the study area showing site at Nduli Nature Reserve, Owen dam, 
WSU and Pick & pay within the KSD Local Municipality, Eastern Cape Province, 
South Africa. 
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2.2 Butterfly sampling 
 
A standardized protocol for sampling butterflies across sub-sites and sampling units was 
designed and implemented. Sixteen (16) sampling units were selected from the following sites: 
Nduli Nature Reserve, Owen dam, WSU and Pick & Pay. Butterfly species and individuals were 
sampled twice per month for one year (July, 2009 to June, 2010) using the Pollard and Yates 
(1993) line-transect count technique. This technique enabled the collection of data on many 
species over a large area in a shorter time. Within each sampling unit, three independent 
transects measuring 5m were placed 10m apart to ensure sample independence and 
randomness (Pollard and Yates, 1993). Butterflies species observed within 2m on either side or 
ahead of the observer were counted and recorded. 
 
All transects were walked between 9H00 and 15H30 of which 20 minutes was spent on each 
sampling unit on sunny; windless days with less than 30% cloud cover, as butterfly activity is 
suppressed on cool, windy or cloudy days (Ehrlich, 1984; Weiss al.,1988; Harding et al.,1995).  
 
Most butterflies were identified to species level at first sight. A sweep net was used to collect 
butterfly specimens for identification where these could not be identified in the field. Such 
species were transported in collection jars with sturdy, white plastic lid to the laboratory for 
verification and identification using a Zeiss dissecting microscope (model STEMI Dv 4) and a 
Field Guide to Butterflies of South Africa (Woodhall, 2005). Some specimens were also sent to 
taxon specialists for identification. 
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2.3 Measurement of Environmental Variables 
 
A number of environmental variables were measured and recorded at sampling units. The 
variables measured were: straight line distance from sampling unit to the nearest road, 
minimum area of the sampling unit patch and distance of sampling unit to Mthatha city.  
 
Average grass height was measured on every second butterfly survey occasion and averaged 
across (grass) species and sampling units to give the mean grass height for the sampling unit. 
The level of cattle or game grazing disturbance was estimated and coded as low= 1, medium= 
2 or high= 3, as seen by the amount of grazing, trampling intensity or dung deposition. The 
density of nectariferous plants was estimated as the number of flowers per sampling unit, and 
was calculated as the average number of flower per plants per sampling unit during the 
butterfly survey. Although these counts were not direct measure of nectar, a total inflorescence 
number has been shown to be a good estimate of nectar availability (Holl, 1995).  
 
2.4 Data analyses 
 
2.4.1 Analysis of pattern of butterfly species assemblage characteristics  
 
The study employed different statistical methods to analyze both spatial and temporal data 
collected during the sampling period e.g. univariate methods, distributional techniques and 
multivariate methods (ordination and classification). Univariate methods for species richness, 
evenness and dominance using various diversity indices were determined using the relevant 
techniques.   
15 
 
 
Distributional techniques (K-dominance curve) which summarized the set of species counts for a 
single sample were also used.  
 
2.4.2 Univariate methods 
 
Diversity measurement is based on assumptions that all species and individuals are equal, and 
species abundance has been recorded using appropriate and comparable units (Peet, 1974). 
Diversity indices employed in the study gave numerical values of species richness or evenness 
patterns as follows: 
  
Shannon index (H'), Margalef’s index (d'), and Simpson index (1-λ) estimated species richness 
while Pielou’s index (J') estimated evenness. Margalef’s index (d') which incorporates the total 
number of individuals was used as a measure of species richness. Simpson index (1-λ) was 
employed to measure dominance. Pielou’s index (J') expresses how even the individuals are 
distributed among the different species was used as a measure of evenness. Comparison of the 
mean values of site indices as well as measured variables for site inside and outside Nduli 
Nature reserve was done using t-test at 5% level of probability with the STATISTICA (version 
6.0) software package. These indices reduce the multi-species complexity, richness (S) and 
abundance (N) data into a single index. The indices were calculated from the following 
equations using the programme DIVERSE in the software package PRIMER version 6. 
 
 Margalef’s index (d') 
 
d= (S-1)/ logN 
Where (S) is total number of species, and (N) is the total number of individuals. 
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Shannon index (H') 
 
H'= - ΣiPiIog(Pi) 
Where Pi  is the proportion of individuals found in the ith species  
 
Pielou’s index (J') 
 
J'= H'/Hmax = H'/logs 
Where Hmax is the maximum possible value of Shannon index. Hmax is only achieved if all species 
were equally abundant. It takes maximum value of (log S). 
 
Simpson's index (1- λ) 
 
1- λ = 1-( ΣPi2) 
Where 1-λ takes its largest value of 1-S-1 when all species have same abundant. Simpson's 
index emphasis on the dominance, as opposed to the richness component of diversity (Smith 
and Wilson, 1996). Lambda (λ) is dominance index (λ is always ≤ 1).  
 
2.4.3 Distributional/graphical methods 
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The purpose of distributional/ graphical methods is to extract information on patterns of relative 
species abundance without reducing the information to single coefficient as in the case for 
diversity indices. The technique incorporates analytical approaches as univariate and 
multivariate. K-dominance curves were plotted using the programme DOMPLOT in the software 
package PRIMER version 6 (Clarke and Warwick, 2001). Graphically, the K-dominance curve 
display both species richness and evenness. Species were ranked in decreasing order of their 
importance in terms of abundance (Lambshead et al, 1983). In this plot, more elevated curves 
represent less diverse assemblage patterns. 
2.4.4 Multivariate methods 
 
The statistically significant differences between the mean abundance of butterfly species 
sampled as well as the measured site variables for inside and outside the reserve were tested 
using t-test with the STATISTICA software package (version 6) at the probability level of 5%.  
 
Data on site variables e.g. grazing intensity, grass height, flower density, percentage herb 
cover, distance to the nearest road, and distance to the city centre were normalized prior to 
their use in multivariate analysis.  
 
The multivariate methods employed include ordination and classification techniques. The 
method of hierarchical agglomerative clustering using the computer programme CLUSTER in the 
software package PRIMER (Clark and Warwick, 1994) was also employed. The species-by-
sample unit data matrices were 4th root transformed to balance rarer and common species. The 
Bray-Curtis measure of similarity (Bray and Curtis, 1957) was then applied to the data to 
produce similarity matrices and then clustered through hierarchical clustering using group 
average linking where the results obtained were represented by a dendogram. Non-metric 
multidimensional Scaling (NMDS) in the software package PRIMER version 6 was then carried 
out to confirm sampling unit clusters and describe the community patterns in the study site 
since sampling unit clustering alone could be misleading.  
18 
 
 
The dendogram and NMDS were used to group sampling units according to the extent to which 
they shared particular butterfly species. 
 
 
 
 
Ordination techniques in Correspondence Analysis (CA) and Canonical Correspondence Analysis 
(CCA) from the computer software package CANOCO (Ter Braak, 1988) were used to examine 
patterns in the butterfly data and to identify environmental variables that accounted for 
butterfly distribution patterns at study sites (Ter Braak and Verdonschot, 1995) 
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CHAPTER THREE 
 
RESULTS 
 
3.1 Taxonomic profile of butterfly (Lepidoptera) assemblages inside and outside 
Nduli Nature Reserve during the sampling period. 
 
A total of 516 individual butterflies belonging to 22 species from 5 families and 9 sub-families 
were recorded from all sampling units during the whole sampling period (Appendix 2). A total of 
20 
 
89 individual butterflies belonging to 14 species were recorded inside Nduli Nature Reserve 
whereas a total of 427 individual butterflies in 19 species were recorded outside the reserve.       
 
3.2 Monthly variations in butterfly species richness and abundance inside and 
outside reserve across the 12 sampling months. 
 
Butterfly population counts peaked in March inside the reserve with the lowest individual count 
observed in July (Figure 2a). No butterfly species were observed in August inside the reserve. 
The highest individual count outside the reserve occurred in April with the least individual count 
in July (Figure 2b).  
 
 Species V. cardui, B. creona, A. horta and M. agathina occurred only once throughout the 12 
sampling months inside the reserve (Table 1a) whereas M. agathina, B. gemella and B. safita 
were observed once outside the reserve (Table 1b). There was no sampling month in which all 
butterfly species were recorded both inside and outside reserve.  
 
 
 
 
a) 
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 b) 
 
Figure 2. Total number of adult butterflies species and individuals observed at 
sampling units (a) inside and (b) outside Nduli Nature Reserve during the study 
period ( July, 2009 to June, 2010). 
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Table 1a. Adult butterfly species recorded each month inside Nduli Nature Reserve 
from July, 2009 to June, 2010.  
Species 
( Scientific names)    code*    code**      J A 
 
 
S 
 
 
O 
 
 
N D J F M A 
 
 
M J 
Eurema brigitta Eurbri Eb + 
 
   
   
+ + + + 
Venessa cardui Vencar Vc 
  
   
  
+ 
  
 
 Belenois gidica Belgid Bgg + 
 
 + + + 
    
 
 Acraea neobuhle Acrneo An 
  
+   
  
+ + +  
 Acraea horta Acrhor Ah 
  
   
 
+ 
   
 
 Mylothris agathina Mylaga Ma + 
 
   
     
 
 Daunus chrysippus Dauchr Dc + 
 
   + + + + + + 
 Junonia orithya Junori Jo 
  
  + + + 
   
 
 Belenois creona Belcre Bc + 
 
   
     
 
 Colias electo Colele Ce 
  
  + 
   
+ +  
 Belenois aurota Belaur Ba 
  
 + + + + 
   
 
 Papilio nireus Papnir Pn 
  
   
   
+ +  
 Papilio demodocus Papdem Pd 
  
   
  
+ + 
 
 
 Catroptera cloanthe Catclo Cc 
  
   + + 
   
 
  
*Species code name as used in multivariate analysis 
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** Species code name as used in Figure 4 
 
 
 
 
 
 
 
 
 
Table 1b. Adult butterfly species recorded each month outside Nduli Nature Reserve 
from July, 2009 to June, 2010.  
Species 
( Scientific names)    code*    code**      J A 
 
 
S 
 
 
O 
 
 
N D J F M A 
 
 
M J 
Eurema brigitta Eurbri Eb 
  
   
    
+ + 
 Venessa cardui Vencar Vc + 
 
 + + + 
   
+  
 Belenois gidica Belgid Bgg + + + + + + 
    
 
 Acraea neobuhle Acrneo An 
 
+ + +  + 
 
+ + + + 
 Acraea horta Acrhor Ah 
  
  + + + + 
  
 
 Mylothris agathina Mylaga Ma + 
 
   
     
 
 Daunus chrysippus Dauchr Dc + +   + + + + + + + + 
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Junonia orithya Junori Jo + 
 
+ + + + + + + + + + 
Cacyreus marshalli Cacmar Cm + 
 
 +  
     
 
 Colias electo Colele Ce 
 
+ +  + + 
 
+ + + + + 
Belenois aurota Belaur Ba 
 
+  + + + + 
 
+ + + + 
Borbo gemella Borgem Bg 
 
+    
     
 
 Bicylus safita Bicsaf Bs 
 
+    
     
 
 Papilio nireus Papnir Pn 
  
  + 
  
+ 
  
 
 Precis Octavia Preoct Po 
  
   
  
+ 
 
+  
 Catopsilia florella Catflo Cf 
  
   
  
+ 
 
+  
 Hyalites encedon Hyaenc He 
  
   
  
+ + + + + 
Hyalites rahira Hyarah Hr 
  
   
  
+ + +  
 Hypolimnas missipu Hypmis Hm 
  
   
    
+ + 
  
*Species code name as used in multivariate analysis 
** Species code name as used in Figure 4 
 
 
 
3.3 Spatial trend of butterfly species assemblage inside and outside the reserve 
during the sampling period. 
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The highest individual and species count inside the reserve was made at sampling unit G and 
sampling unit C had the least individuals and species count (Figure 3a). Outside the reserve, 
sampling unit I recorded  the highest individual and species count while the least individual and 
species were observed in sampling unit L (Figure 3b).       
 
B. creona and P. demodocus occurred only in sampling unit A and G inside reserve, while P. 
octavia and H. missipus were observed only in sampling unit K, C. florella in sampling unit I, B. 
gamella and B. safita in sampling unit P, outside reserve (Table 2). 
                                                   
B. creona, P. demodocus, and C. cloanthe were recorded only inside the reserve while C. 
marshalli, B. gamella, B. safita, P. octavia, C. florella, H. encedon, H. rahira, and H. missipus 
were observed only outside the reserve (Table 2).  
 
Sampling units inside and outside reserve shared common species such as E. brigitta, V. cardui, 
B. gidica, A. neobuhle, A. horta, M. agathina, D. chrysippus, J. orithya, C. electo, B. aurota, P. 
demodocus, and C. cloanthe (Table 2).  
 
The most abundant species recorded inside the reserve was A. neobuhle with the least being V. 
cardui, B. creona and M. agathina. The most abundant species recorded outside the reserve 
was C. electo followed by B. aurota with the least abundant species being B. safita as showed in 
Figure 4 and Appendix 3. 
 
 
 
The t-test result showed a highly significant difference (P<0.05) in the abundance of C. electo, 
D. chrysippus, H. encedon, J. orithya and P. demodocus between the sites (inside and outside 
26 
 
the reserve). In contrast, the mean abundance of the remaining species did not differ 
significantly (P > 0.05) between the sites (Table 3). 
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Figure 3. Total number of adult butterflies species and individuals observed across 
sampling units (a) inside and (b) outside Nduli Nature Reserve during the study 
period (July, 2009 to June, 2010). 
 
Table 2. Butterfly species sampled inside and outside Nduli Nature Reserve from 
July, 2009 to June, 2010. More species were sampled outside (I-P) than inside Nduli 
Nature Reserve (A – H).  
Species 
( Scientific names) code A B 
 
 
C 
 
 
D 
 
 
E F 
 
 
G H I J K 
 
 
L M N 
 
 
O 
 
 
P 
Eurema brigitta Eurbri + +  +  + + + + 
 
+ + + + + + 
Venessa cardui Vencar 
  
   
 
+ 
 
+ 
 
+  
  
  
Belenois creona Belcre + 
 
   
 
 
    
 
  
  
Belenois gidica Belgid 
  
 +  + + 
 
+ + 
 
 + + +  
Acraea neobuhle Acrneo + 
 
   
 
+ + + + +  
  
  
Acraea horta Acrhor 
  
   
 
+ 
 
+ + 
 
 
  
  
0
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Mylothris agathina Mylaga 
  
 +  
 
 
 
+ 
  
 
  
  
Daunus chrysippus Dauchr + + + + + +  + + + +  
 
+ + + 
Junonia orithya Junori + 
 
 +  
 
 + + + + + + + + + 
Cacyreus marshalli Cacmar 
  
   
 
 
 
+ 
  
 
 
+   
Colias electo Colele 
  
 +  +  
 
+ + +  
 
+ + + 
Belenois aurota Belaur 
 
+    + + + + + + + + + +  
Borbo gemella Borgem 
  
   
 
 
    
 
  
+  
Bicylus safita Bicsaf 
  
   
 
 
    
 
  
+  
Papilio nireus Papnir 
  
   
 
+ + 
   
 
  
+  
Papilio demodocus Papde
m 
  
   
 
+ 
    
 
  
  
Catroptera cloanthe Catclo 
  
 + + 
 
 + 
   
 
  
  
Precis Octavia Preoct 
  
   
 
 
   
+  
  
  
Catopsilia florella Catflo 
  
   
 
 
 
+ 
  
 
  
  
Hyalites encedon Hyaenc 
  
   
 
 
   
+  + 
 
+ + 
Hyalites rahira Hyarah 
  
   
 
 
 
+ + 
 
 
  
  
Hypolimnas missipus Hypmis 
  
   
 
 
   
+  
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Figure 4. Total number of different butterfly species observed inside and outside 
Nduli Nature Reserve across the 12 sampling months. Species abbreviations used 
are shown in Table 1a and Table 1b. 
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Table 3. The t-test results showing the significant differences between mean 
abundance of butterfly individuals at sites inside and outside Nduli Nature Reserve. 
 
Species sampled Inside R. 
(Mean±S.E) 
Outside R. 
(Mean±S.E) 
t-test Probability 
     
Eurema brigitta 2.00±0.91 2.25±0.59 0.231  0.410 
Venessa cardui 0.13±0.13 1.00±0.87 1.000  0.175 
Belenois creona 0.13±0.13 0.00±0.00 1.000  0.175 
Belenois gidica 1.00±0.57 2.00±0.85 0.983  0.171  
Acraea neobuhle 2.25±1.33 4.50±2.92 0.702  0.249  
Acraea horta 0.50±0.50 1.75±1.21 0.957  0.182 
Mylothris agathina 0.13±0.13 0.25±0.25 0.447  0.332 
Daunus chrysippus 1.75±0.45 6.00±2.24 1.856  0.042 
Junonia orithya  0.75±0.41 6.38±2.60 2.133  0.035* 
Cacyreus marshalli 0.00±0.00 0.25±0.16 1.528  0.074 
Colias electo 0.25±0.16 7.88±4.37 1.761  0.050* 
Belenois aurota 1.00±0.42 6.88±3.43 1.699  0.056 
Borbo gemella 0.00±0.00 0.25±0.25 1.00  0.175 
Bicylus safita 0.00±0.00 0.13±0.13 1.00  0.175 
Papilio nireus 0.38±0.26 0.25±0.25 0.344  0.368 
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Papilio demodocus 0.50±0.50 0.00±0.00 1.00  0.175 
Catroptera cloanthe 0.38±0.18 0.00±0.00 2.049  0.039* 
Precis octavia 0.00±0.00 0.25±0.25 1.00  0.175 
Catopsilia florella 0.00±0.00 0.50±0.50 1.00  0.175 
Hyalites encedon 0.00±0.00 6.38±3.62 1.761  0.050* 
Hyalites rahira 0.00±0.00 6.13±4.10 1.494  0.089 
Hypolimnas missipus 0.00±0.00 0.38±0.38 1.00  0.175 
 
*Statistically significant (P < 0.05) 
 
 
 
 
 
 
3.4 Similarities in sampling units inside and outside Nduli Nature Reserve 
 
The dendogram (Figure 5a) showed that sampling unit F inside and N outside the reserve had 
the highest percentage similarity of 82% followed by sampling unit I and J outside the reserve 
with a percentage similarity of 80%. Sampling unit C and E showed the highest percentage 
similarity of 64% followed by A and H with a percentage similarity of 58% inside the reserve. 
The highest percentage similarity of sampling units observed outside the reserve was I and J 
with the least percentage similarity being sampling unit L and M (62%). Sampling unit C and E 
and G were outliers. 
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The Non- metric multi-Dimensional Scaling (NMDS) ordination diagram (Figure 5b) clearly 
explains the result of the dendogram. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                  
                                                          a 
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                                                          b 
 
 
Figure 5. Dendogram showing percentage similarity (a) and NMDS (b) using group-
average linking cluster from Bray-Curtis similarities on 4th root transformed 
abundance data for the 16 sampling units inside and outside Nduli Nature Reserve. 
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3.5 Regression of area of patch size, distance to the nearest road and distance to 
the city centre on butterfly species assemblages across the 12 sampling months. 
 
The regression of area of patch size on species richness was positively significant (P< 0.05). 
However the low R2 values of 10.8 percent indicated a weak explanation of the variations in 
butterflies species richness and abundance caused by area of patch size (Figure 6). 
 
Distance to the nearest road showed a positive insignificant (P> 0.05) correlation with butterfly 
species richness (Figure 7). The R2 value showed that 50.4 percent of the variation in number 
of butterfly individuals observed was explained by distance to the road. Even though the 
relationship between distance to the nearest road and species richness was statistically 
significant (P< 0.05), only 11.4 percent of the variation in butterfly species richness was 
explained by distance to the nearest road. 
 
The distance to the city centre showed a negative correlation with species richness and 
abundance of adult butterflies sampled (Figure 8). Although these trends were not statistically 
significant (P> 0.05), R2 values showed that 84. 0 percent of the variations in species 
abundance and 30.3 percent of the variation in species richness were explained by distance to 
the city.  
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                                                       a 
 
                                                               b 
 
 
Figure 6. Relationship between area of patch size and number of individuals (a) and 
number of species (b) during the study period. Solid lines show the fitted linear 
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regression. Number of species shows a significant positive correlation with area of 
patch size (P< 0.05). 
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Figure 7. Relationship between distance to the nearest road and number of 
individuals (a) and number of species (b) during the study period. Solid lines show 
the fitted linear regression. Number of species shows a significant positive 
correlation with distance to the nearest road (P< 0.05). 
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Figure 8. Relationship between distance to city centre and number of individuals (a) 
and number of species (b) during the study period. Solid lines show the fitted linear 
regression. All regressions are not statistically significant (P> 0.05). 
 
 
 
3.6 Butterflies species diversity, evenness and dominance trend 
 
K-dominance curves indicated diversity, evenness and dominance patterns for each of the 16 
sampling units. Sampling unit G inside the reserve had the highest species richness and 
evenness with low dominance followed by sampling unit H (Figure 9a). Sampling unit I, outside 
the reserve had the least elevated curve with the highest species richness and evenness and 
the lowest species dominance pattern (Figure 9b) followed by sampling unit K. The least 
species richness inside the reserve was sampling unit C while outside the reserve was sampling 
unit M. Diversity indices such as Shannon index, Pielou’s index, Simpson's index and Margalef’s 
index (Table 4) also illustrate the K-dominance patterns in numerical terms. High values of 
Shannon index indicate a high species richness and evenness (low dominance).  
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Although species diversity indices measures were higher outside the reserve than inside 
reserve, the apparent differences did not approach statistical significance following the t-test at 
5% level of probability (Table 5). However, the test showed a significant difference in the total 
butterfly individuals (N) (n=8, d.f.=14, P=0.03) and species richness (S) (n=8, d.f.=14, P= 
0.036) between site inside and outside the reserve (Table 5). 
 
 
 
 
 
 
 
 
 
 
a) 
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b) 
 
 
Figure 9. Species rank abundance curves  showing species ranking in order of 
decreasing abundance for sampling units (a)  inside and (b) outside Nduli Nature 
Reserve during the study period (July, 2009 to June, 2010). 
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Table 4. Species diversity indices for 16 sampling units across the 12 sampling 
months inside and outside Nduli Nature Reserve. 
 
Sample  S       N        d'               J'       H'            1- λ 
A  5       21    1.314           0.7664       1.233    0.681 
B  3       3                   1.82           1              1.099    1 
C  1       2                   0           0                    0                0 
D  7      15    2.216           0.8988        1.749    0.8571 
E  2      4                   0.7213           0.8113       0.5623    0.5 
F  5      6                  2.232           0.9697       1.561    0.9333 
G  8      27    2.124           0.9445        1.964    0.8803 
H  7      11    2.502           0.9488        1.846    0.9091 
I 13      153    2.385           0.8297       2.128    0.8617 
J  8      111    1.486           0.9171       1.907    0.8406 
K 10      49    2.313           0.8885        2.046    0.8563 
L  3      6                   1.116           0.9206       1.011    0.7333 
M  5      35    1.125           0.4543        0.7312    0.3546 
N  7      9                   2.731           0.9708       1.889    0.9444 
O 10      51    2.289           0.8537        1.966    0.8369 
P  5      13                 1.559             0.9636        1.551    0.8462 
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Shannon index (H'), Margalef’s index (d'), Pielou’s index (J'), Simpson's index (1- λ) 
S-total number of species, N-total number of individuals 
 
 
          
 
 
 
 
Table 5.  The mean species diversity indices and site variables at sites inside and 
outside Nduli Nature Reserve tested using t-test at 5% level of probability. 
 
Variable 
 
Variable 
code 
Inside R. 
(Mean±S.E.) 
Outside R. 
(Mean±S.E.) 
t-test p-value 
      
No. of individuals N 11.13±3.25 53.38±18.64 2.233  0.030*  
No. of species S 4.75±0.90 7.63±1.16 1.953  0.036* 
Margalef’s index D 1.62±0.31 1.88±0.22 0.683  0.253  
Pielous’s index J' 0.79±0.12 0.85±0.06 0.439  0.334  
Shannon diversity H' 1.25±0.24 1.65±0.18 1.326  0.103  
Simpson’s index 1-λ 0.72±0.12 0.78±0.07 0.479  0.320  
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Grazing intensity Grazing 7.63±3.52 9.63±3.87 0.382  0.354  
Average grass height Grass H 697.88±127.36 764.25±122.03 0.376  0.356 
Flower density Flower D  56.75±22.12 92.88±32.62 0.917  0.187 
% Herb cover Herb C 420.00±120.39 259.38±77.54 1.122  0.140 
Distance to the road Dist Roa 22.58±10.98 77.99±25.77 1.978  0.033* 
Area of patch size Area 438.25±71.93 407.88±49.55 0.348  0.367 
Distance to the city Dist Cit 3.84±0.02 3.00±0.31 2.682  0.009** 
*Statistically significant (P < 0.05) 
** Statistically significant (P < 0.01) 
 
 
 
 
 
 
 
 
3.7.1 Relationship between sampling unit and butterfly species assemblages across 
the 12 sampling months. 
 
Correspondence analysis (CA) ordination diagram of sampling units (Figure 10) showed how 
butterfly species related with site sampling units. Most of the butterfly species clustered at the 
centre of the ordination diagram as common species observed across the study area. According 
to the CA, sampling units inside the reserve showed similarities with each other and with 
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sampling units outside the reserve as indicated by the dendogram cluster diagram. A. neobuhle 
was common species occurring mainly in sampling unit A inside the reserve. Sampling unit A 
had B. creona and P. demodecus occurring only in sampling unit G. Although sampling unit C 
and E were highly similar according to the result from dendogram, these units did not share any 
species as shown in the CA ordination diagram. 
 
B. creona, M. agathina, C. marshalli, B. gemella, B. safita, C. cloanthe, P. octavia, C. florella, P. 
nireus, P. demodecus and H. missipus were rarely recorded during the study period at sites with 
each constituting less than 1 % of the total number of species sampled (Legendre and 
Legrendre, 1998). These rare species were represented by single, vagrant individuals. 
   
Sampling unit K outside the reserve had H. missipus, P. octavia  and shared H. encedon with 
sampling unit M. B. safita and B. gemella were species occurred in sampling unit O.  H. rahira 
was a common species shared by sampling unit I and J while C. florella only occurred in I. B. 
gidica, B. aurota, J. orithya, E. brigitta, D. chrysipus and C. electo clustered at the centre were 
the common species across sampling units. 
 
 
 
3.7.2 Environmental variables affecting butterfly species assemblage. 
 
The canonical correspondence analysis (CCA) ordination diagrams (Figure 11) shows the 
relationships among butterfly species, sampling units and environmental variables for the 16 
sampling units. By comparing the length and position of the arrows, the significance of the 
constraining environmental variables was determined. The arrow points in the direction of the 
maximum variation in the value of the corresponding variable.  
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Forward selection of environmental variables and Monte Carlo permutations were used to 
determine whether variables exerted a significant effect on butterfly distributions. Measured 
variable, distance to nearest road (Dist Roa) with high variance inflation factor indicated 
multicollinearity among the environmental variables measured and so was excluded from the 
analysis since did not merit interpretation (Ter Braak and Smilauer, 2002). The Monte Carlo 
permutation test result showed that the variables significantly explain the variations in species 
assemblages (F=2.53, P< 0.05, 999 permutations) following the forward selection test result. 
 
The Canonical Correspondence Analysis (CCA) ordination diagram (Figure 11) indicates that site 
variables such as distance to city centre, flower density, percentage herb cover and grazing 
intensity explained the main variation in butterfly assemblage distribution across the sampling 
units (Table 6b).  
 
Summary weighting of the first two axes for both CA and CCA are shown in Table 6a while the 
inter-set and intra-set correlation between each of the environmental variables and the 
canonical axes are shown in Table 6b.  
 
 
 
The eigenvalues of axes one and two of CA and CCA triplot ordination showed that axis 1 is 
more important than axis 2 for the interpretation of species-environmental variable relations. 
The eigenvalues in CCA are smaller than those in the CA because of the restriction imposed on 
the site score in CCA. The CCA result indicates that the eigenvalues for axis 1 (0.286) and axis 2 
(0.180) jointly explained 30.1% of the variance of species data while the first two axes of the 
CA with eigenvalues (0.341 and 0.268 respectively) explain 39.9% of species data.  
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The first two axes of CCA captured about 62.3% of variance of species-environment 
correlations. The high species-environment correlation coefficients of the first two axes of CCA 
(0.939 and 0.940 respectively) indicate a strong relationship between species and 
environmental variables, suggesting the importance of these variables in explaining butterfly 
species distribution trends. 
 
The CCA triplot ordination diagram explaining butterfly species distribution given in figure 11 
showed that grazing intensity and average grass height negatively correlated with axis 2 for 
both correlation and was probably responsible for the species B. aurota, C. electo and H. rahira 
mostly occurred in sampling unit I and J.  
 
Percentage herb cover located mainly in the positive quadrant of axis 2 for both correlations 
was possibly the reason for the presence of species such as P. nireus, B. safita, B. gemella and 
P. demodecus. Species J. orithya, and D. chrysipus occurring in sampling unit D correlate 
negatively with flower density and area of patch size. 
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Figure 10. Correspondence analyses (CA) of butterflies species (triangles) and 
sampling units (circles) of inside and outside Nduli Nature Reserve. X-axis 
represents CA Axis 1 and Y-axis representing CA Axis 2. Species codes used are 
showed in Table 1a and Table 1b. 
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Figure 11. CCA ordination diagram of pooled butterfly species data (July, 2009 to 
June, 2010) for all sampling units with an overlay of measured environmental 
variables (arrows). The species are abbreviated as in Table 2. X-axis represents CCA 
Axis 1 and Y-axis representing CCA Axis 2. Sampling units are represented by circle 
and species by triangle. The environmental variables are: percentage herb cover 
(Herb C), area of patch size (Area), average grass height (Grass H), grazing intensity 
(Grazing), distance to city (Dist C), and average flower density (Flower D).  
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Table 6a. The weightings of the first two canonical axes of CA and CCA for butterfly 
assemblages observed inside and outside Nduli Nature Reserve pooled across the 12 
sampling months. Variance explained by both axes are given and the Monte Carlo 
Permutation test is shown for all four axes of the CCA. 
 
                 CA                        CCA 
  Ax1 Ax2 Ax1 Ax2 All 4 Axes 
Eigenvalues 0.341 0.268 0.286   0.180 
 CPVS 2 22.3 39.9 18.4 30.1  
CPVS-En 3     38.2 62.3   
Sp-En C 1     0.939 0.940   
F-ratio         1.397 
P-value         0.032* 
 
1Species–environmental variable correlation, 2cumulative percentage variance for species data, 
3cumulative percentage variance of species-environmental variables relation 
*Significant 
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Table 6b. The correlation between measured environmental variables and butterfly 
assemblage inside and outside Nduli Nature Reserve. Intra-set and inter-set 
correlation between each of the environmental variable and the canonical axes. 
High correlations associated with a given variable are shown in bold for both 
correlation. 
 
  Intra-set Correlation Inter-set Correlation 
Variable 
             
CCAx1 
              
CCAx2 
             
CCAx1 
                        
CCAx2 
Grazing -0.6273 -0.4991 -0.5892 -0.4691 
Grass H -0.1968 -0.1648  -0.1848 -0.1549 
Flower D -0.5934  0.1468     -0.5573  0.1379 
Herb C -0.1063     0.8964  -0.0999     0.8425 
Area  -0.3231  0.1689  -0.3034  0.1587  
Dist Cit  0.8247  0.5090     0.7745  0.4784 
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CHAPTER FOUR 
 
DISCUSSION AND CONCLUSION 
 
4.1 DISCUSSION 
 
4.1.1 Patterns of butterfly species composition and distribution related to the 
regional and national species pool. 
 
In total, 516 individual butterflies in 22 species from 5 families and 9 subfamilies were sampled 
in the study. This constitutes only approximately 3.3% of the total butterfly species count within 
the borders of South Africa that has been reported by the Southern African Butterfly 
Conservation Assessment (SABCA, 2007) at 671 species in 2007. However, unlike this study 
that used only the line transect method, the assessment was conducted using various sampling 
methods such as fruit trap, sweet-netting in addition to the line-transect technique. In terms of 
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national proportional representation, families of butterfly species recorded during the study 
constituted approximately 5.9% Nymphalidae, 15% Pieridae, 14.3% Papilionidae, 0.3% 
Lycaenidae and 1% Hesperiidae following national estimates by Woodhall (2005). 
 
According to the result of South Africa’s second Butterfly Census Week (BCW2) for six provinces 
in October, 2010, conducted by SABCA, high species numbers were observed in Limpopo (117) 
followed by Mpumalanga (54), with the least numbers occurring in North West Province (27). 
Unfortunately no census data was received for Northern Cape, the Free State and the Eastern 
Cape, SABCA (2010). This study therefore underscores the need for a similar census in the 
Eastern Cape Province. 
 
Many of the butterflies sampled in this study form part of the butterfly assemblage present in 
the Afrotropical zoogeographic region which embraces a variety of habitats, ranging from pure 
dessert to savannah and subtropical forest, with arid savannah, Karoo, grassland, fynbos and 
Montane forest. A notable feature of the region is the narrow corridor of forest and woodland 
that extends north-eastward from Port Elizabeth and links up with larger areas of comparable 
habitat to the north, in tropical Africa. This corridor allows many tropical species to extend their 
range much further south than would other wise be possible. This means that many of the 
butterfly species found in this corridor may be the same as, or similar to, those occurring in the 
east and even West Africa.  
 
4.1.2 Spatial-temporal trends on butterfly distribution during the study 
 
Lepidoptera are highly seasonal and times of appearance can differ even between nearby sites 
due to small differences in microhabitat conditions. Surveys conducted over a relatively long 
sampling period e.g. at least for one year, are likely to cater for most species including those 
butterfly species that only appear in certain seasons of the year. The present study recorded 
fewer species sampled over a relatively long sampling period (one year) compared to the 
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species observed during the BCW2 which monitored for only 10 sampling days, albeit using 
different sampling methods. Nevertheless, long term data are critical for true representation of 
butterfly diversity and distribution (DeVries et al., 2009). 
 
One contributing factors for low species observed in the current study could possibly be 
associated with the single sampling method used to survey adult butterflies compared to the 
multiple sampling techniques adopted to sample the six provinces. 
 
 
Although earlier studies (e.g. Pryke and Samways, 2003; Caldas and Robbins, 2003) have 
highlighted the effectiveness of line transect method for collecting data on many species over a 
large area in a short time, simultaneous use of multiple sampling techniques for adult butterflies 
have been found to increase species diversity (Sparrow et al., 1994; DeVries et al., 2009).  
 
4.1.3 Effect of habitat heterogeneity on butterfly assemblages across sampling units 
 
The purpose of establishing a nature reserve is to provide safe havens for populations, species 
and biotic communities unable to survive in non-reserve land until a more hospitable 
management of the entire landscape is feasible (Sinclair et al., 1995; Rosenzweig, 2003; 
Samways, 2007). However, the result from this study and earlier studies by Maes and van Dyck 
(2001) and Warren et al. (2001) have showed a lower species in the reserve as compared to 
the surrounding landscape. 
 
Balmer and Erhardt (2000) and Ockinger et al. (2006) have illustrated that reserves with high 
proportional cover of trees and shrubs can negatively affect butterflies abundance. Similar 
studies by Davies et al. (2005) and Doak et al. (2006) and Freese et al. (2006) have indicated 
that high amount of trees and shrubs cover reduces insulation, and shading of micro-habitat 
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creates a cooler environment which limits butterfly mobility.  Even though the NNR is highly 
heterogeneous in terms of its vegetation cover comprising of tall trees, shrubs and herbs, this 
trend may not be solely responsible for the low species count. Soderstrom et al. (2001b) have 
however observed a positive relationship between cover of trees and shrubs on butterfly 
richness. 
 
 
Earlier studies have also observed that butterflies are physiologically limited to daylight hours 
when temperatures are high enough to encourage butterfly mobility and as a result most 
species prefer short vegetation which gives a warmer micro-habitat (Thomas, 1993; Davies et 
al., 2005; Doak et al., 2006). Vegetation has been found to provide adequate shelter and 
convenient micro-habitat for many species (Reeder et al., 2005). 
 
Sampling unit (Su) I outside the reserve consisting of a mixture of grasses and flowering plants 
favored more species than the other sampling units. This Su provided more nectar sources that 
probably provided food for butterflies through a greater part of the year in the area. 
 
Earlier studies have also found that nectariferous plants serve as a source of food for butterflies 
(Dover, 1996; Feber et al., 1996; Carreck et al., 1999; Clausen et al., 2001; Defra, 2001). In 
contrast, the highly disturbed sampling unit (e.g. C and L) had fewer nectaring plant species 
and attracted fewer butterfly species. This discontinuity in flowering probably affected the 
distribution and abundance of certain butterfly species at these sites. 
 
4.1.4 Environmental variables affecting butterfly assemblages at sites 
 
Destruction of habitat is the most prevalent threat to butterflies and insect population around 
the world (New, et al., 1995). Habitat losses have resulted in the conversion of land for 
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agriculture and development (Saunders et al., 1991; Stoner and Joern, 2004). Studies on 
butterflies and other insects from different regions of the world have indicated that species 
populations respond differently to disturbances and that many species have different habitat 
requirements at each stage of life (New et al., 1995; Samways, 2007). 
 
In the present study, high species and individual counts in sampling unit I and J located closer 
to the city centre was probably associated with reduced or moderate grazing intensity. 
Trampling as a result of livestock grazing which was considered as a disturbance was probably 
responsible for the butterfly species distribution pattern in these sampling units. Both theory 
(Connell, 1978) and empirical evidence (Hobbs and Huenekke, 1992) suggest that in some 
cases disturbance can increase diversity, particularly at intermediate intensities and frequencies.  
 
However, Warren (1993a, b) and Stoner and Joern (2004) have suggested that livestock 
grazing adversely impacts butterfly populations by altering plant community composition and 
trampling during immobile life stages or during cold temperatures when adult movement is 
restricted. This can be detrimental to species and may probably responsible for the low butterfly 
population associated with sampling unit C and L which is highly grazed by livestock and game 
respectively. According to previous studies (Moffat and McPhilips, 1993; Swengel and Swengel, 
1999; Hayes and Holl, 2003) over-grazing can be detrimental since it strips habitats of 
vegetation and removes adult nectar resources which negatively affect sensitive species. 
 
High butterfly species richness was observed in Su I and J situated closest to the city centre. 
Although distance to city centre may negatively affect butterfly assemblages, some species of 
butterflies have been found to survive in urban areas but require green areas with varied 
vegetation, watercourses and low levels of pollution (Brown and Freitas, 2002; Koh and Sodhi, 
2004). This may be responsible for the high species richness observed in sampling unit I and J 
especially given the fact that these sampling units are located in the part of the city that is least 
accessible to anthropogenic disturbance and pollution from industrial effluent and waste. 
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Clergeau et al. (2006) have demonstrated that the number of species increases from city centre 
to outskirts. Croci et al. (2008) who conducted similar work reported that urban landscape 
features act as filters on the potential colonizing species pool favoring generalist feeders or 
species able to exploit urban resources whereas species with more specialized feeding habit 
respond negatively to urbanization. In the present study J. orithya, and B. aurota were found to 
be abundant and widespread, occurring mostly towards the city centre. 
 
4.1.5 Effect of area of patch size and distance to the nearest road on the butterfly 
distribution trend 
 
The result of the linear regression for species-area of patch size relationship (Figure 6) for 
butterflies showed a positive significant (P<0.05) trend with most species occurring in sampling 
units with area of patch size greater than or equal to 400m2 (e.g. Su D, F, G, H, I, J, K, and O) 
(Figure 3, Appendix 1). The smallest area sampled (sampling unit E-192m2) had the second 
lowest species richness (2 species) and the largest area sampled (sampling unit H-810m2) had 
the third highest species richness (7 species). 
 
This trend supports the finding of Fahrig (2003) who conclusively demonstrated that reduced 
habitat area in a landscape leads to decrease in the size of habitable micro-habitat patch, with 
consequent reduction in population size and colonization rates that may increase the risk of 
local extinctions. 
 
According to Ewers and Didham (2006), a reduction in habitat area is thought to be a major 
cause of observed species extinction for several taxonomic groups. However, Hamback and 
Englund (2005) and Hamback et al. (2007) found a negative relationship between butterfly 
density and patch area. 
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On the other hand, Erik et al. (2009) found no clear effect of patch area on butterfly species 
richness. The significant influence of patch size on butterfly distribution probably shapes 
behavioral patterns such as more space for feeding, oviposition, and searching for mates. 
 
The distance of habitat patch (sampling unit in this study) to the nearest road is probably a 
major contributing factor to butterfly species fluctuations observed across the sampling units. 
Road construction within habitat patches, considered as surface disturbance, may be 
responsible for the overall low butterfly species composition observed in the study area. This 
could particularly account for the low species recorded in sampling unit B, F and M located 
relatively closer to the road within and outside the Nduli Nature reserve 
 
The result supports a similar study by Niemela (1999) who illustrated that roads present a 
barrier to butterfly dispersal leading to more adverse impacts on species , such as road kills 
(Mckenna et al., 2001; Ries et al., 2001). The possible reason is that most butterfly species are 
not capable of flying over a long distance, with a resultant negative effect on species 
immigration and emigration patterns.  
 
Road building increased the extinction rate of butterflies by more than eightfold in the second 
half of the 20th century in Finland (Maes and van Dyck, 2001). 
 
4.1.6 Indicator value of butterflies  
 
Habitat complexity and heterogeneity influences species diversity (Rosenzweig, 1995). 
Butterflies are extremely sensitive to changes in vegetation composition and structure, and 
different types of vegetation show different butterfly species composition, making this 
assemblage suitable for use in characterizing different habitats (Erhardt, 1985). 
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This attribute makes butterflies good indicators as targets for conservation efforts in helping to 
protect other species that share the same habitat (Kremen, 1992).  
 
The present study demonstrated that B. creona and P. demodocus occurred only in sampling 
unit A and G, P. octavia and H. missipus in only sampling unit K, C. florella in sampling unit I 
and B. gemella and B. safita only in sampling unit P. These species can therefore be used as 
habit-specific species. 
 
The result support earlier studies by Kremen (1992) and Sawchik et al. (2003) that some 
butterflies are very selective with regard to their habitats making them suitable for use as a 
single-indicator taxon for biodiversity conservation assessments. However, the use of single 
taxonomic group as a conservation umbrella for other species has been criticized (e.g. Landres 
et al., 1988; Niemi et al., 1997; Prendergast et al., 1993).  
 
Earlier studies (Brown, 1991; Churchill, 1997) have suggested a multitaxa approach to illustrate 
the crucial importance of invertebrate diversity, abundance, functional group significance as 
well as predictable response to disturbance in assessing the conservation value of biotic 
communities starting from the local microhabitat level. 
 
However, the taxonomic impediment in the Southern Africa sub-region remains a challenge, 
making a multitaxa approach for invertebrate study impractical thus allowing the focus on single 
indicator taxa such as butterflies to give an indication of the patterns of species or habitat type 
(Fleishman, 2000) especially for rapid biodiversity conservation assessment purposes. According 
to Kerr et al. (2000) an indicator taxon must reflect the diversity of other taxa that are more 
difficult to sample or identify. 
The CA and NMDS ordination diagrams employed in the study enabled the selection of some 
butterfly species that can be used as indicator species (Kremen, 1992). Species B. gemella, P. 
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octavia, C. florella, H. missipus and P. demodocus appeared to be specific to particular sampling 
units with its prevailing conditions (e.g. Su A, G, I, K, and O). 
 
Common species B. gidica, V. cardui, J. orithya, D. chrysippus, B. aurota and E. brigitta were 
more mobile, and present in most sampling units which range from undisturbed to disturbed 
making them a good candidate as disturbance-tolerant indicator species (Ries et al., 2001). 
However, these local trends need to be compared with regional and national trends as well as 
data on widespread versus localized butterfly species distribution patterns. 
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4.2 CONCLUSION 
 
Although this serves as a preliminary study, the findings have implication for the conservation 
of butterflies and other invertebrate fauna of the KSD Local Municipality. Despite the 
importance of nature reserves in conserving local biodiversity, the study recorded low species 
richness within the Nduli Nature Reserve as compared to the surrounding landscape area. This 
may be due to little effort put in place to adopt suitable management programs that best 
conserve butterflies and other invertebrates in the area, especially within the Nduli Nature 
reserve. However, other invertebrate taxa within the reserve need to be surveyed and 
documented to support this statement. Also, this study needs to be replicated over time and 
space using multiple but complementary sampling methods before any conclusive statement is 
made. 
 
Conservation of butterflies will require striking a balance between incorporating minimal 
disturbance to maintain the ecosystem and too much disturbance which can cause habitat loss 
or degradation and butterfly mortality (Schultz et al., 2008). Given the extensive loss of 
habitats, habitat preservation is of great concern. Overall conservation strategies should not 
only include preservation of existing habitat but also habitat restoration (Jordan, 1997).  
 
Reserve management at Nduli Nature Reserve and its surrounding landscape within the KSD 
Local Municipality should focus on habitat management regimes that reduce disturbance by 
eliminating high grazing intensity caused by livestock and game within and outside protected 
areas.  
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General information as presented in this study supports the use of butterflies as ecological 
indicators for Nduli Nature Reserve and its surrounding landscape area. This arthropod 
assemblage group is sensitive to various anthropogenic changes that occurred in the KSD Local 
municipality.  
Conservation of this species group could also mean conserving other invertebrate organisms in 
the KSD Local Municipality which is currently under increasing threat from anthropogenic 
pressure and inclement weather.  
 
4.3 CONSERVATION IMPLICATIONS AND RECOMMENDATIONS 
 
Results from this study therefore: 
 
1. Provide the Nduli Nature Reserve management with preliminary butterfly assemblage data 
for designing a micro-habitat management strategy for the reserve. This will significantly 
enhance the conservation of both rare and common butterfly species within protected and non-
formally protected areas of the KSD Local Municipality.  
 
2. Recommend that management should aim at preserving nectariferous plants as well as 
basking and mating sites that are within close proximity for relatively less mobile butterflies 
belonging to the families Hesperiidae and Lycaenidae. Representatives of these families were 
mainly observed outside the reserve indicating that micro-habitat conditions within the reserve 
need to be improved to attract their occurrence possibly by using vegetation corridors and 
linkages within the non-formally protected landscape surrounding the reserve. 
 
3. Recommend the use of habitat-sensitive species (B. gemella, C. florella, H. rahira, P. octavia 
and H. missipus) and disturbance-tolerance species (B. gidica, V. cardui, J. orithya, D. 
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chrysippus, B. aurota and E. brigita) as bio-indicators for raising public awareness of the need 
to conserve butterfly diversity within KSD Local Municipality. 
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Appendix 1. Description of sampling units  
S. 
Unit 
Area 
(m2) 
Dist* 
(m) 
Dist 
(km) 
Location Vegetation Characteristics 
A 204 3 3.8 Nduli R Mixture of grasses, shrubs and flower plants                                                      
B 600 5 3.8 Nduli R Mainly short grasses with fewer flower plants 
C 378 42.2 3.8 Nduli R Mainly short grasses with fewer flower plants 
D 400 33.6 3.8 Nduli R Along Owen dam with grasses and flower plants 
85 
 
E 192 88.6 3.8 Nduli R Along Owen dam with grasses and few flower plants 
F 504 5.2 3.9 Nduli R Mainly short trees with short grasses undergrowth 
G 418 3 3.9 Nduli R Ticket-mainly trees, flower shrubs and grasses 
H 810 0 3.9 Nduli R Ticket-mainly flower shrubs with grasses 
I 460 160 1.6 Pck&P Along a stream with grasses and more flower plants 
J 600 180 1.6 Pck&P Mixture of tall grasses and flower shrubs with stream 
K 408 127 3.2 O. dam Mixture of short and tall grasses with flower plants 
L 320 105 3.2 O. dam Mainly short grasses with fewer flower plants 
M 380 14 3.6 Opst.N2 Mixture of grasses and flower plants 
N 225 15.6 3.6 U. farm Mainly beans plants with grasses and flower plants 
O 600 8.6 3.6 U. farm Mixture of grasses and flower plants 
P 270 13.7 3.6 U. farm Mainly maize plants with grasses and flower plants 
 
dist.*(m) - Distance to the nearest road      
dist. (km) - Distance to the city centre 
 
Appendix 2. Classification of different butterflies species sampled both inside and 
outside Nduli Nature Reserve (July, 2009 to June, 2010). 
 
SCIENTIFIC NAME COMMON NAME SUBFAMILY   FAMILY 
    
Eurema brigitta Broad-bordered grass yellow  Coliadinae   Pieridae 
Venessa cardui Painted Lady Nymphalinae   Nymphalidae 
Belenois creona African common white Pierinae   Pieridae 
Belenois gidica Africa veined white geneva Pierinae   Pieridae 
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Acraea neobuhle Wandering donkey Acraea Heliconinae   Nymphalidae 
Acraea horta Garden Acraea Heliconinae   Nymphalidae 
Mylothris agathina Common dotted border Pierinae   Pieridae 
Daunus chrysippus African monarch Danainae   Nymphalidae 
Junonia orithya  Eyed pansy Nymphalinae   Nymphalidae 
Cacyreus marshalli Geranium bronze Lycaeninae   Lycaenidae 
Colias electo Clouded yellow Coliadinae   Pieridae 
Belenois aurota Brown-veined white Pierinae   Pieridae 
Borbo gemella Twin swift Hesperiinae   Hesperiidae 
Bicylus safita Common bush brown Satyrinae   Nymphalidae 
Papilio nireus Green-banded swallowtail Papilioninae   Papilionidae 
Papilio demodocus Citrus swallowtail Papilioninae   Papilionidae 
Catroptera cloanthe Pirate Nymphalinae   Nymphalidae 
Precis Octavia Gaudy commodore Nymphalinae   Nymphalidae 
Catopsilia florella Common vagrant Coliadinae   Pieridae 
Hyalites encedon White-barred acraea Heliconinae   Nymphalidae 
Hyalites rahira Marsh acraea Heliconinae   Nymphalidae 
Hypolimnas missipus Danaid eggfly Nymphalinae   Nymphalidae 
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Appendix 3. Abundance of adult butterfly sampled inside and outside Nduli Nature 
Reserve across the 16 sampling units. Each species has abbreviated as used in the 
analysis. 
Species 
( Scientific names) 
Species   
code A B 
 
 
C 
 
 
D 
 
 
E F 
 
 
G H I J K 
 
 
L M N 
 
 
O 
 
 
P 
Eurema brigitta Eurbri 7 1  1  1 5 1 2 
 
5 2 4 1 1 3 
Venessa cardui Vencar 
  
   
 
1 
 
1 
 
7  
  
  
Belenois creona Belcre 1 
 
   
 
 
    
 
  
  
Belenois gidica Belgid 
  
 4  1 3 
 
5 3 
 
 1 1 6  
Acraea neobuhle Acrneo 10 
 
   
 
6 2 14 21 1  
  
  
Acraea horta Acrhor 
  
   
 
4 
 
5 9 
 
 
  
  
Mylothris agathina Mylaga 
  
 1  
 
 
 
2 
  
 
  
  
Daunus chrysippus Dauchr 1 1 2 4 3 1  2 14 6 6  
 
2 17 3 
Junonia orithya Junori 2 
 
 3  
 
 1 23 10 2 3 1 2 7 3 
Cacyreus marshalli Cacmar 
  
   
 
 
 
1 
  
 
 
1   
Colias electo Colele 
  
 1  1  
 
36 15 5  
 
1 3 3 
Belenois aurota Belaur 
 
1    2 2 3 26 18 3 1 1 1 5  
Borbo gemella Borgem 
  
   
 
 
    
 
  
2  
Bicylus safita Bicsaf 
  
   
 
 
    
 
  
1  
Papilio nireus Papnir 
  
   
 
2 1 
   
 
  
2  
Papilio demodocus Papde
m 
  
   
 
4 
    
 
  
  
Catroptera cloanthe Catclo 
  
 1 1 
 
 1 
   
 
  
  
Precis Octavia Preoct 
  
   
 
 
   
2  
  
  
88 
 
Catopsilia florella Catflo 
  
   
 
 
 
4 
  
 
  
  
Hyalites encedon Hyaenc 
  
   
 
 
   
15  28 
 
7 1 
Hyalites rahira Hyarah 
  
   
 
 
 
20 29 
 
 
  
  
Hypolimnas missipus Hypmis 
  
   
 
 
   
3  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
